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BIT PHASE SYNCHRONIZING METHOD
AND BIT PHASE SYNCHRONIZING
CIRCUIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a bit phase synchronizing,
method and a bit phase synchronizing circuit suitable for
implementing the method.

2. Description of the Related Art

A system composed of plural units such as a broad-band
ISDN (Integrated Services Digital Network) switching sys-
tem distributes a clock signal of the same frequency to each
of the units through lines from a common reference clock
source. Each unit sends and receives data to and from
another unit synchronously with the clock. In case of han-
dling a great amount of data at a very high speed, however,
a phase difference between the clock signals received by the
units, which 1s caused by differences 1n length between the
lines for the clock signal, becomes a problem. Therefore, a
method 1s carried out 1n which each unit synchronizes input
data 1n phase with 1ts own clock signal by being provided
with a bit phase synchronizing circuit for adjusting the phase
of the mput data.

As prior art for this purpose, for example, there 1s a
technique disclosed 1n Japanese laid-open publication Tok-
kaihe1 No.4-293332. This 1s roughly described in the fol-
lowing. Input data i1s inputted into a first delay gate group
composed of plural delay gates connected 1n series with one
another. Said mput data or output data of either delay gate
1s outputted as output data from the first delay gate group.
The output data 1s 1nputted into a second delay gate group of
two-stage delay gates. Next, 1t 1s judged at the same time
controlled by a reference clock signal whether or not said
inputted data and the output data of the first-stage delay gate
of the second delay gate group coincide in logic level with
cach other, and whether or not the output data of the
first-stage delay gate and the output data of the second-stage
delay gate coincide 1n logic level with each other. According
to this judgement, a bit change detecting signal 1s generated
which shows whether or not a point of time when the output
data from said first-stage delay gate changes in logic level,
namely, a bit change point 1s within a specified time range
before and after said judgement time. And 1n case that the
input data and the reference clock signal are not synchro-
nous with each other, 1in response to the bit change detecting
signal, the system performs an automatic phase adjustment
so as to synchronize in phase said mnput data with said
reference clock signal by selecting another output data out of
plural output data being outputted by said first delay gate
group (called selected data) and sending said newly selected
output data to the second delay gate group.

In the above-mentioned prior art, stability of the delay
fime, namely, a delay quanfity or duration 1n each delay gate
of the first delay gate group, i1s significant. Because if the
delay quantity in each delay gate of the first delay gate group
varies with the lapse of time, each delay gate of the first
delay gate group cannot give a phase difference to input data
an accurate and repeatable manner. The reason 1s that since
the delay quantity 1n each delay gate 1s the minimum unit of
phase difference to be adjusted, the phase adjustment reso-
lution comes to be varied. When the phase adjustment
resolution 1s varied, an aimed-at phase adjustment cannot be
performed even 1f an attempt 1s made to adjust the phase of
the 1nput data by changing an output position in the first
delay gate group according to the bit change detecting
signal.
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In said laid-open publication, however, there 1s no
description about stabilization of the delay quantity in the
first delay gate group. Even 1n case each delay gate of the
first delay gate group 1s composed of a CMOS 1nverter
designed so as to have a specified fixed delay quantity for the
time, the delay quantity of a signal 1n the CMOS 1nverter can
deviate greatly from 1ts design value due to the chip tem-
perature or the finished characteristics of the MOS FETs
composing the chip.

In order to make a bit phase adjusting circuit with good
repeatability of the phase difference, 1t 1s necessary to
stabilize at least delay quantities 1n the first delay gate group
with the lapse of time. Up to now, however, there has been

no conception of suppressing such undesirable variation in
the delay gates.

Accordingly, it 1s an object of the present invention to
provide a method for attaining bit phase synchronization,
and a circuit suitable for carrying out the method.

SUMMARY OF THE INVENTION

The present invention presupposes an existing method as
described 1n the following. First, input data 1s mnputted into
a first delay gate group composed of plural delay gates
connected 1n series with one another. According to the input
data, either data 1s selected out of the very input data not
delayed and delay data related to this mput data obtained
from the respective delay gates 1n the first delay gate group,
and then the selected data 1s outputted.

The selected data 1s inputted 1mnto a second delay gate
group composed of delay gates of N stages (where N is an
integer satisfying NZ2). The selected data is delayed in
series 1n the respective delay gates. Then, paying attention to
three data that are different 1n delay quantity and that are
outputted from the second delay gate group, whether or not
the three output data coincide 1n logic level with one another
1s examined. That 1s to say, 1t 1s judged at the same time
(controlled by a reference clock signal) whether or not the
output data of a pth-stage delay gate (where p is an integer
satisfying 1=p=N) and the output data of at least a (p-1)
th-stage delay gate (when p=1, the (p—1)th-stage delay gate
1s assumed as the very mput point of the second delay gate
group) coincide in logic level with each other, and whether
or not the output data of the pth-stage delay gate and the
output data of at least a (p+1)th-stage delay gate coincide in
logic level with each other. According to this judgement, a
bit change detecting signal 1s generated which shows
whether or not a change in logic level (also called a bit
change) of the output data from the pth-stage delay gate has
happened within a specified time before and after said
judgement time.

The mput data 1s synchronized 1n phase with the reference
clock signal by changing the selected data being currently
outputted to another selected data according to this bat
change detecting signal and outputting the newly selected
data.

An aspect of a bit phase synchronizing method of the
invention 1s to control the delay gates of the first delay gate
group So as to compensate for variations in the signal delay
quantity or duration in each of these delay gates.

According to such a configuration as this, even 1if the
delay quantity deviates from its design value or nominal
value due to an environmental variation or the finished
characteristics of a device, it 1s possible to keep the delay
quantity constant by controlling the delay gates so as to
reduce this deviation to zero or as nearly to zero as possible.
Therefore, each delay gate of the first delay gate group gives



6,041,089

3

a phase difference to 1its mput data with good repeatability.
Here, “constant” includes “substantially constant” (and the
following is the same as this).

A second aspect of a bit phase synchronizing method of
the 1vention 1s to control the delay gates of the second delay
gate group so as to compensate for variations in the delay
quantity in each of these delay gates also 1n relation to signal
delay quantities 1n the respective delay gates of the second
delay gate group.

According to such a configuration as this, since phase
differences among data outputted from the (p-1)th-stage,
pth-stage, and (p+1)th-stage delay gates are stabilized, a
fime range of detecting a bit change 1s made constant.
Accordingly, since repeatability of a bit change detection
sensitivity 1s secured, the bit change detecting operation can
be greatly improved 1n reliability.

According to a preferable embodiment of the invention,
variations 1n the delay quantity of the respective delay gates
of the first and the second delay gate groups may be
compensated at the same time.

The mvention presupposes the following configuration of
an existing bit synchronizing circuit. That 1s to say, an
embodiment of the invention i1s provided with a bit phase
adjusting means, a bit change detecting means, and a
changeover signal generating means. The bit phase adjusting
means, which 1s composed of plural delay gates connected
in series with one another and has a first delay gate group
having mput data inputted into 1t, selects either data out of
the very input data and delay data related to the mput data
obtained respectively from the delay gates 1n the first delay
gate group, and outputs the selected data.

The bit change detecting means 1s composed of N delay
gates (where N is an integer satisfying N=2), and has a
second delay gate group mnto which the selected data from
the bit phase adjusting means 1s mputted. By judging at the
same time controlled by a reference clock signal whether or
not the output data of a pth-stage delay gate (where p is an
integer satisfying 1 =p=N) and the output data of at least the
(p—1)th-stage delay gate (when p=1, the (p—1)th-stage delay
gate 1S assumed as the very mput point of the second delay
gate group) coincide in logic level with each other, and
whether or not the output data of the pth-stage delay gate and
the output data of at least a (p+1)th-stage delay gate coincide
in logic level with each other, this bit change detecting
means outputs a bit change detecting signal which shows
whether or not a change in logic level (also called a bit
change) of the output data from the pth-stage delay gate has
happened within a specified time before and after said
judgement time.

The changeover signal generating means supplies to this
bit phase adjusting means a changeover signal for changing
over the selected data being currently outputted from the bat
phase adjusting means to another selected data according to
this bit change detecting signal.

According to an aspect of a bit phase synchronizing
circuit of the invention, the bit phase synchronizing circuit
has a first delay gate group each delay gate of which 1is
composed of a delay gate of a delay quantity control type
and 1s provided with a first delay quantity control means for
supplying a control signal for compensating for variation of
a delay quantity in the delay gate of a delay quantity control
type.

According to the bit phase synchronizing circuit of the
invention, since, even 1f the delay quantities of the respec-
five delay gates of the first delay gate group in the bit phase
synchronizing circuit vary due to variations of the ambient
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temperature or other causes, a control signal for suppressing
the variation 1s supplied to the delay gate from the delay
quantity control circuit, and the varied delay quantity is
automatically corrected or compensated to the original delay
quantity. Accordingly, each delay gate of the first delay gate
oroup of the bit phase adjusting circuit gives a phase
difference to 1ts mnput data with good repeatability. Thus a bat
phase synchronizing circuit can be 1implemented which can
synchronize input data in phase with a reference clock signal
of 1ts own unit more stably than that of the prior art.

When implementing the bit phase synchronizing circuit of
the 1nvention, it 1s preferable that each delay gate of the
second delay gate group 1s also composed of a delay gate of
a delay quanfity control type.

According to such a configuration as this, even 1if the
delay quantities of the (p—1)th-stage, pth-stage, and (p+1)
th-stage delay gates vary due to variations of the ambient
temperature or other causes, their correction or compensa-
tion 1s automatically performed in the same way as
described above. Therefore, since phase differences among
data outputted from the (p-1)th-stage, pth-stage, and (p+1)
th-stage delay gates are stabilized, a time range of detecting
a change point 1s made constant Accordingly, since repeat-
ability of a bit change detection sensitivity 1s secured, a bit
phase synchronizing circuit of higher reliability can be
implemented.

When implementing the bit phase synchronizing circuit of
the mvention, 1n case that each delay gate of a delay quantity
control type 1s composed of a delay gate whose delay
quantity 1s controlled by a voltage and the delay quantity
control circuit is composed of a PLL (phase locked loop)
circuit, an accurate delay quantity control technique using a
PLL technique can be utilized. As publicly known, a PLL
circuit detects a phase difference between an input signal and
an output signal and inputs a control voltage for making this
phase difference zero 1nto a voltage control oscillator. Varia-
tions of the delay quanfity in a delay gate can be compen-
sated for by supplying this control voltage to the delay gate.

Particularly, in case of making each delay gate of the first
and the second delay gate group have the same circuit and
layout configuration as a delay gate provided in the voltage
control oscillator of said PLL circuit, since the same control
as that of the delay gate in the PLL circuit can be applied to
cach delay gate of the first and the second delay gate group,
an accurate delay quantity control can be easily performed.

BRIEF DESCRIPITION OF THE DRAWINGS

The foregoing objects and other objects, features and
advantages of the present invention will be better understood
from the following description taken 1n connection with the
accompanying drawings, in which:

FIG. 1 1s a block diagram showing the whole configura-

fion of a bit phase synchronizing circuit of the present
mvention;

FIG. 2 1s a block diagram for explaining a bit phase
adjusting circuit 1n the bit phase synchronizing circuit of the
mvention;

FIG. 3 1s a circuit diagram for explaining a delay gate of
a delay quanfity control type;

FIG. 4 1s a block diagram for explaining a bit change
detecting circuit 1n the bit phase synchronizing circuit of the
mvention;

FIG. 5 1s a block diagram for explaining a changeover
signal generating circuit, namely, a bit phase control circuit
in the bit phase synchronizing circuit of the mvention;
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FIG. 6 1s a block diagram for explaining a delay quantity
control circuit provided in the bit phase synchronmizing
circuit of the mvention.

FIG. 7 1s a block diagram for explaining a voltage control
oscillator provided in the delay quantity control circuit;

FIG. 8 1s a timing chart for explaining an example of a bit
phase synchronizing method of the mvention;

FIG. 9 1s a timing chart for explaining another example of
the bit phase synchronizing method of the mnvention;

FIG. 10 1s a timing chart for explaining a third example
of the bit phase synchronizing method of the invention;

FIG. 11 1s a circuit diagram for explaining another
embodiment of the bit phase synchronizing method of the
invention and explaining an example of making constant a
delay quantity in each delay gate of the second delay gate
group also; and

FIG. 12 1s a circuit diagram showing another example of
a delay gate and a delay quantity control circuit which are
used 1n the bit phase synchronizing circuit of the mnvention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

With reference to the drawings, preferred embodiments of
a bit phase synchronizing method and a bit phase synchro-
nizing circuit of the present invention are described in the
following.

The drawings used 1n the description are shown schemati-
cally roughly to some degree to facilitate understanding of
the mnvention. The same numbers are attached to the same
components 1n the respective drawings, and their duplicate
description 1s sometimes omitted.

1. First Embodiment

As a first embodiment, an example 1s described 1n which
cach delay gate of a first delay gate group 1s composed of a
delay gate whose delay quantity or duration 1s controlled by
a voltage and a delay quantity control circuit 1s composed of
a PLL circuit.
1-1. Description of the Circuit Configuration

First, an example of the circuit configuration of a bit phase
synchronizing circuit 10 which the present invention 1is
applied to 1s described with reference to FIGS. 1 to 7. FIG.
1 1s a block diagram showing the whole configuration of the
bit phase synchronizing circuit 10 of the first embodiment of
the 1nvention. FIG. 2 1s a circuit diagram of a bit phase
adjusting circuit 20 provided in the bit phase synchronizing
circuit 10. FIG. 3 1s a circuit diagram of each delay gate of
a first delay gate group 21 provided 1n the bit phase adjusting
circuit 20. FIG. 4 1s a circuit diagram showing the circuit
coniliguration of a bit change detecting circuit 30 provided in
the bit phase synchronizing circuit 10. FIG. 5 1s a circuit
diagram showing the circuit configuration of a changeover
signal generating circuit 40 provided 1n the bit phase syn-
chronmizing circuit 10. FIG. 6 1s a circuit diagram showing the
circuit configuration of a delay quantity control circuit
(concretely a PLL circuit) 50 provided in the bit phase
synchronizing circuit 10. FIG. 7 1s a circuit diagram showing
an example of a voltage control oscillator 57 provided i the
delay quantity control circuit 50.

In FIG. 1, which 1s a general view of the embodiment,
number 10a 1s an input terminal for input data Din, number
105 1s an mput terminal for a high-speed reference clock
signal Cin (which may be also shown as Ci), Dout is output
data which has been synchronized 1n bit phase, and Cout 1s
output of the reference clock signal Cin. Such symbols as
Do, D1, VCNT and the like are successively explained later
on. Thinking about Din and Dout in terms of a broad-band
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ISDN switching system as an example, input data Din 1s data
transmitted from another unit not illustrated, and reference
clock signal Cin 1s a high-speed reference clock signal
transmitted through a line for the clock signal from an
unillustrated clock source. And the bit phase synchronizing
circuit 10 1s a circuit which adjusts a phase difference
between the mput data Din and the reference clock signal
Cin and properly outputs the output data Dout to the next
stage. Components 20 to 50 are described 1n detail in the
following.

First, the bit phase adjusting circuit 20 1s described with
reference to FIGS. 2 and 3. In this embodiment, the bit phase
adjusting circuit 20 has the same composition as that of
Japanese laid-open publication Tokkaihe1r No.4-293332
except that delay gates 21(1) to 21(n-1) are of a delay
quantity control type. Concretely, the bit phase adjusting
circuit 20, which outputs the very input data Din which 1s
kept 1ntact and data dertved from the 1nput data Din whose
phase has been adjusted to the bit change detecting circuit
30, 1s composed of a first delay gate group 21 and a selector
23.

The first delay gate group 21 1s composed of plural,
namely, (n—1) delay gates 21, to 21, which are connected
in series with one another. The input data Din 1s inputted into
the 1st-stage delay gate 21, of the first delay gate group 21.
The first delay gate group 21 outputs to the selector 23 the
very mput data Din, namely, input data whose phase delay
quantity 1s zero and delayed input data obtained from the
respective delay gates 21, to 21, Naturally, therefore, the
first delay gate group 21 outputs to the selector 23 n kinds
of data which are different in phase from one another in the
order of data of smaller to greater delay quantity.

Here, 1t 1s assumed that each of the delay gates 21, to
21 __. of the first delay gate group 21 1s a delay gate which
can be controlled so as to be constant 1n delay duration or
quantity (which is called “delay gate of a delay quantity
control type”). Such delay gates of a delay quantity control
type 21, to the 21 __, can be composed of any circuit
according to design of the bit phase synchronizing circuit.
However, 1t 1s preferable for the circuit to be of a type 1n
which 1its delay quantity 1s controlled by a voltage. The
reason 1s that such a type has advantages that 1t can utilize
MOS technology to make a delay gate, can comparatively
casily compose a delay quantity control circuit for control-
ling the delay gate, and can utilize a PLL circuit (described
later) as the delay quantity control circuit.

In this embodiment, an example 1s described which uses
a PLL circuit as the delay quantity control circuit 50.
Ordinarily, a PLL circuit has a voltage control oscillator
composed of a ring oscillator. The ring oscillator 1s com-
posed of delay gates of a voltage control type. As 1s publicly
known, delay gates composing a ring oscillator are little
varied 1n delay quantity in operation of the PLL circuit.

In this embodiment also, each of the delay gates 21, to
21, _. 1s composed of a delay gate having the same circuit
and layout configuration as the delay gates in the ring
oscillator. And using control voltages which control the
delay gates composing the ring oscillator as control signals
for the delay gates 21, to 21 __, of the delay gate group
having the same circuit and layout configuration as the delay
gates 1n the voltage control oscillator can reduce variations
in the delay quantities of the delay gates 21, to 21, _,.

An example of delay gates of such a type 1s shown 1n FIG.
3. Each of the delay gates 21, to 21, _, 1s composed of a first
CMOS 1nverter 21x and a second CMOS inverter 21y
connected 1n series with i1t. Here, the first CMOS 1nverter

21x 1s composed of a PMOS transistor 21a and an NMOS
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transistor 215, and an NMOS transistor 21¢ (a third MOS
transistor) is connected in series with the NMOS transistor
216 of this CMOS 1nverter. An analog control voltage
VCNT (in detail described later) is inputted into a control
terminal (gate) of the third transistor.

In this compositional example shown 1n FIG. 3, the delay
cgate formed by the first inverter 21x and the second inverter
21y 1s connected between a power source and the ground. In
the first inverter 21x, the drain of the first PMOS transistor
21a 1s connected to the power source, the drain of the first
NMOS transistor 21b 1s connected to the source of the first
PMOS transistor 21a, the drain of the second NMOS tran-
sistor 21¢ 1s connected to the source of the transistor 215,
and the source of the transistor 215 1s grounded. And a
common connecting point of the gate of transistor 214 and
the gate of the first NMOS transistor 215 1s used as a signal
input terminal IN, and the gate of the second NMOS
transistor 21c 1s used as a terminal for a control signal.

Similarly, the second inverter 21y 1s provided with a
second PMOS transistor 21d whose drain 1s connected to the
power source and a third NMOS transistor 21¢ whose drain
1s connected to the source of the transistor 214 and whose
source 1s grounded. And a common connecting point of the
gate of the second PMOS transistor 21d and the gate of the
third NMOS ftransistor 21e 1s connected to a common
connecting point of the source of the first PMOS transistor
21a and the drain of the first NMOS transistor 215. And a
common connecting point of the source of the second PMOS
transistor 21d and the drain of the third NMOS transistor 21¢
1s used as an output terminal OUT.

In the delay gate shown in FIG. 3, the current driving
capability of the third MOS transistor 21¢ can be adjusted by
varying the control voltage inputted into the gate of said
transistor 21¢ within a range in which said transistor 21c
does not come to be off. Thus, since the whole delay quantity
or delay duration of a single-stage delay gate can be con-
trolled according to the voltage value inputted as the control
signal VCNT, the delay gate explained using FIG. 3 acts as
a delay gate of a delay quantity control type. Therefore, for
example, when the ambient temperature (or chip
temperature) of the bit phase synchronizing circuit is varied,
the delay quantity of the delay gate 1s also varied on the basis
of the characteristics of the MOS FETs, but the variation can
be compensated 1n the delay gates 21, to 21, _, themselves.
Concretely, the delay gates 21, to 21, _, of a delay quantity
control type are placed in the same environment as the delay
gates of the PLL circuit of the delay quantity control circuit
50. Therefore, when the chip temperature 1s high, the delay
cgates of the PLL circuit are varied in delay quantity, but a
control signal VCNT of high enough voltage to compensate
for the variation 1s supplied to the voltage control oscillator
to keep the delay quantity constant. On the other hand, when
the chip temperature 1s low, a lower voltage compared with
that in the high temperature state 1s supplied as the control
signal VCNT to the voltage control oscillator to keep the
delay quantity constant. Since the control voltage VCNT 1s
applied to each of the delay gates of the delay gate group of
the present 1nvention, each delay gate acts as a delay gate
having an almost constant delay time independently of the
ambient temperature or the chip temperature in the same
way as a delay gate of a voltage control oscillator.

In this case, the control signal VCNT 1s supplied from the
delay quantity control circuit 50, and the circuit 50 1is
described later.

The selector 23 1s composed of n 2-mput AND gates 25,
to 25 and an n-input OR gate 27 having the outputs of the
AND gates 25, to 25_ as its input. The n kinds of data from
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the first delay gate group are imputted without duplication
into respectively one imput of each of the n 2-mnput AND
cgates 25, to 25, . And n selecting signals SEL1 to SELn from
the changeover signal generating circuit 40 are inputted
without duplication into respectively the other 1input of each
of the n 2-mmput AND gates 25, to 25,. According to the
states of the selecting signals SEL1 to SELn, the selector 23
outputs selectively one of said n kinds of data of the first
delay gate group 21 as the input signal D1 to the bit change
detecting circuit 30.

Next, the bit change detecting circuit 30 1s explained with
reference to FIG. 4. In this embodiment, 1t 1s preferable to
make the bit change detecting circuit 30 have the same
composition as the circuit disclosed in the Japanese laid-
open publication Tokkaihe1 No.4-293332. Concretely, the
bit change detecting circuit 30 1s composed of a second
delay gate group 31 composed of two (N=2) delay gates 31,
and 31, first to third flip-flop circuits (also called a latch
circuits) 33, to 33, first and second exclusive OR gates 35,
and 35,, and first and second SR flip-flop circuit 37, and 37...
The second delay gate group 31 outputs to the next-stage
circuits 33, to 33, the data D1 outputted from the bit phase
adjusting circuit 20 and delay data S31, and S31, derived
from the data D1 which have been delayed in phase respec-
tively through the delay gates 31, and 31,. Namely, the
second delay gate group 31 outputs to the next-stage circuits
33, to 33; three kinds of data D1, S31, and S31, which are
(:1f erent 1n phase from one another At the same time
determined by the reference clock signal Ci (for example, at
the time a in FIG. 8, described later), the first latch circuit
33, latches the data Di1kept mntact without being delayed, the
second latch circuit 33, latches the output data S1, of the
delay gate 31,, and the third latch circuit 33, latches the
output data S31, of the delay gate 31,. The first exclusive
OR gate 35, judges whether or not the data S33, latched by
the first latch circuit 33, and the data S33, latched by the first
latch circuit 33, coincide 1n logic level with each other. And
the second exclusive OR gate 35, judges whether or not the
data S33, latched by the second latch circuit 33, and the data
S33, latched by the third latch circuit 33, coincide 1n logic
level with each other. According to the outputs of the first
and the second exclusive OR gate 35, and 35,, the SR
flip-flop 37, or 37, outputs an UP signal or a DOWN signal
as a bit change detecting signal. Such a sequence of signal
processing 1s publicly known, but a concrete example of 1t
will be described so as to make 1t easy to understand the
present 1nvention.

The data D1 latched by the first latch circuit 33, is the very
input data kept intact and 1s faster 1in phase than the data S31,
latched by the second latch circuit 33,. On the other hand,
the data S31, latched by the third latch circuit 33 1s slower
in phase than the data S31,. Now, 1t 1s assumed that a change
of a 2-level signal from “1” to “0” or, reversely, from “0” to
“1”, 1s called “a bit change”, and the point of time when this
change happens 1s called “a change point”. The phase
relation of the input data D1 and the signal S31, 1s judged on
the basis of the signal S31,, which 1s medium 1n phase delay
in relation to the mput data Di. In case that a bit change of
the data S31, happens a little later than the latch time
(judgement time) in the second latch circuit 33, and fur-
thermore this change happens nearly within the delay time

of the delay gate 33, the data S33, and S33, latched by the

second and the first latch circuit 33, and 33, do not coincide
with each other. This discordance 1s detected by the first
exclusive OR gate 35,, and as the result the SR flip-flop
circuit 37, 1s set at “1” and outputs an UP signal as a
backward bit change detecting signal. On the contrary, in
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case that a bit change of the data S31, happens a little earlier
than the latch time judgement time) in the second latch
circuit 33, and this change happens nearly within a delay
time of the delay gate 31,, the data S33, and S33, latched
by the second and the third latch circuit 33, and 33 do not
coincide with each other. This discordance 1n logic level 1s
detected by the second exclusive OR gate 35,, and as the
result the SR flip-flop circuit 37, 1s set at “1” and outputs a
DOWN signal as a forward bit change detecting signal.
Namely, 1t 1s judged by the first and the second exclusive OR
cgate 35, and 35, whether or not a point of time when output
data from the pth-stage delay gate (the 1st-stage gate 31, in
this example) of the second delay gate group 31 1s changed
from “0” to “1” or from “1” to “0” (a change point) is within
a specified time range before and after said judgement time,
and according to the result an UP signal or a DOWN signal
1s outputted as a bit change detecting signal. Either of these
bit change detecting signals 1s transferred to the changeover
signal generating circuit 40. Since the bit phase 1s controlled
by this changeover signal, the changeover signal generating,
circuit 1s also called a bit phase control circuit.

Next, the changeover signal generating circuit (bit phase
control circuit) 40 is described with reference to FIG. §. In
this embodiment, it 1s preferable to make the bit phase
control circuit 40 have the same composition as the circuit
disclosed 1n the Japanese laid-open publication Tokkaihei
No0.4-293332. The bit phase control circuit 40 of this pub-
licly known composition 1s constructed so as to output a
proper selecting signal (described later) to the selector 23 of
the bit phase adjusting circuit 20 according to the bit change
detecting signal. In this case, therefore, the bit phase control
circuit 40 1s composed of a ring counter 41, an OR gate 43,
a flip-tlop circuit 45, an n-stage delay gate group 47 com-
posed of n delay gates 47, to 47 , and an n-stage OR gate
group 49 composed of n OR gates 49, to 49 . Each time the
above-mentioned judgement 1s performed, either an UP
signal or a DOWN signal outputted from said bit change
detecting circuit 30 1s mnputted into the UP terminal or the
DOWN terminal of the ring counter 41 in the bit phase
control circuit 40. This ring counter 41 performs a count-up
operation or a count-down operation 1n response to the input
to the UP terminal or the DOWN terminal and generates any
one of n delay quantity selection control signals Q1 to Qn
according to the count value. These delay quantity selection
control signals Q1 to Qn are mputted, respectively, into the
corresponding OR gates 49, to 49 together with signals Q1"
to Qn' (represented by Q') obtained by being delayed
through the delay gates 47, to 47, which are connected 1n
parallel with output terminals for the delay quantity control
signals Q1 to Qn (represented by Q) of the ring counter 41.
And signals outputted from these OR gates 49, to 49_ are the
selecting signals SELL1 to SELn (represented by SEL) that
are mputted into the AND gates 25, to 25, of the selector 23
provided 1n the phase bit adjusting circuit 20.

The selecting signals SEL1 to SELn are signals obtained
by overlapping the delay quantity selection control signals
Q1 to Qn, which vary according to the bit change detecting,
signal, and the signals Q1' to Qn' obtained by delaying the
signals Q1 to Qn by a specified time through the OR gates
49, t0 49 . Therefore, at the very point of time when a value
of the delay quantity selection control signal Q 1s changed
over, for example, from Q1 to Q2 1n response to a bit change
detecting signal, a delayed signal Q1' of the signal Q1 has
been 1nputted 1into the OR gate 49,. Accordingly, if the signal
Q1 1s stopped for a moment when the value Q 1s changed
over from Q1 to Q2, the selecting signal SEL has a value of
the signal Q1' for this moment. After output of the ring
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counter has become Q2, the selecting signal SEL becomes
“SEL=0Q1'+Q2”, and after output of the delay gate 47, has
become Q2', since Q1' has disappeared, and the signal SEL
becomes “SEL=Q2”. According to the above-mentioned
composition, therefore, if the delay quanfity selection con-
trol signal Q 1s stopped for a moment, the bit phase adjusting
circuit 20 can consecutively output data without intermait-
tence. In this case, even when the signal SEL becomes
“SEL=0Q1'+Q2” and the selector 23 has outputted two
signals, there 1s no problem 1n operation if the signal SEL
has become “SEL=Q2” at the latch time 1n the bit change
detecting circuit 30.

Next, the delay quantity control circuit 50 provided by the
present 1invention 1s described. The delay quantity control
circuit 50 1s not limited 1n substance; the only requirement
1s that 1t can provide control signals capable of making
constant delay quantities in the delay gates 21, to 21__, of
a delay quantity control type to these delay gates. In this
case, however, this circuit 1s composed as described 1n the
following with reference to FIGS. 6 and 7.

As shown 1 FIG. 6, the delay quantity control circuit S0
of this embodiment 1s preferably composed of a publicly
known circuit called a PLL (phase locked loop) circuit
which 1s composed of a phase difference detector 51 com-
paring in phase a specified clock signal (here, the high-speed
reference clock signal Ci) and a signal from a voltage control
oscillator 57 with each other, a loop filter 53 taking the
output of the phase difference detector 51 as its mnput, an
amplifier 55 for supplying a direct current control signal to
the voltage control oscillator 57 on the basis of the output of
the loop filter 53, and the voltage control oscillator (VCO)
57 connected between the amplifier 55 and the phase dif-
ference detector 51. The voltage control oscillator 57 pro-
vided 1n the PLL circuit 50 1s composed of a ring oscillator
in which an odd number of inverter gates are connected 1n
a series circult having a plurality of gates to form a ring.
Concretely, as shown 1n FIG. 7 for example, the oscillator 57
1s composed of delay gates of a delay quantity control type
S57al to §7a4 1n a series circuit which includes an inverter
cate 57b. The delay gates of a delay quantity control type
57al to 57a4 have the same composition as that of the delay
cgate already described using FIG. 3.

As explained already, since the PLL circuit 50 using the
voltage control oscillator §7 1s autonomously feedback-
controlled so as to oscillate always at the same frequency as
a specified clock signal (here, the reference clock signal Ci)
independently of the ambient temperature or the chip
temperature, each of the delay quantities of the delay gates
of a delay quantity control type §7al to 57a4 1n the voltage
control oscillator 57 1s controlled so as to be kept nearly
constant independently of the ambient temperature or the
chip temperature. This control 1s performed by supplying to
the control terminals of the delay gates §7al to 57a4,
respectively, the control voltages VCNT capable of making
the delay quantfities of the delay gates 574l to §7a4 con-
stantly independently of the ambient temperature or the chip
temperature.

In this embodiment, first, the delay gates 21, to 21, of the
first delay gate group 21 are composed as the same circuit
and layout configuration as the delay gates 57al to 57a4 of
the ring oscillator of the PLL circuit explained in FIG. 7.
And the delay quantities of these delay gates 21, to 21 can
be made constant (stabilized) by inputting the control volt-
ages VOCNT into the delay gates 21, to 21 . Since the
principle of operation of a PLL circuit of such a type 1s
described 1n detail, for example, in “Analog Integrated

Circuit Design Technology for VLSI-Vol.2” by P. R. Grey
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and R. G. Mayer, translated and supervised by Minoru
Nagata, published by Baifuukan, pp.183 to 209, more
description 1s omitted. Although it 1s a matter of course that
a specified clock signal to be used 1n the PLL circuit may be
a clock signal other than said reference signal clock Ci, the
use of the clock signal Ci brings an effect that it dispenses
with an additional clock.

1-2. Description of Operation

The bit phase synchronizing operation of the bit phase
synchronizing circuit 10 of the first embodiment 1s described
in the following with reference to FIGS. 8 to 10. FIGS. 8 to
10 are timing charts showing operation of the bit phase
synchronizing circuit 10, laying stress on the above-
mentioned bit change detecting operation. It 1s assumed that
S21. ., S21 ., and S21__., mn FIGS. 8 to 10 are output
signals from three consecutive delay gates mn FIG. 2, and
S33,, S33,, and S33,; represent output signals latched and
outputted by the latch circuits shown 1 FIG. 4.

First, a case 1s considered 1in which the bit phase adjusting
circuit 20 selects and outputs data S21  from a delay gate
(the 1st-stage delay gate 21, in FIG. 2) of the first delay gate
group (see FIG. 2). This data S21 , is inputted into the bit
change detecting circuit 30 as a signal D1. This D1 1s inputted
directly into the first latch circuit 33,, mnputted into the
second latch circuit 33, as data S31, through the 1st-stage
delay gate 31,, and mputted into the third latch circuit 33,
as data S31, through the two delay gates 31, and 33,. These
latch circuits are called flip-flop circuits, and 1n this case, 1n
particular, the second latch circuit 1s called a reference
flip-flop circuit as 1t provides a reference for a phase
judgement and the data S31, 1s called reference data.

FIG. 8 shows an example 1n which the data D1, S31,, and
S31, are latched at a rising edge of the clock signal Ci (a
point of time represented by a in FIG. 8), and the latch time
1s relatively far from bit-change points of time when, and
nearly m the middle of the respective data the data latch
operation 1s performed. In this case, both of the data D1 and
the data S31,, respectively, that are latched by the first latch
circuit 33, and the third latch circuit 33, at the rising edge
of the clock signal Ci have the same value as the data S31ot
the reference data (its bit value 1s either of “1” or “07). All
of the latch circuits 33, 33,, and 33, latch the same data Dn
at the rising edge a of the clock signal C1. In this case, since
the reference flip-flop circuit 33, has latched the data 1n a
sufliciently stable state, the bit change detecting circuit 30
does not output a bit change detecting signal (UP signal or
DOWN signal), and so the bit phase control circuit 40 keeps
the delay quanfity selection signal in the current state.

An example shown 1 FIG. 9 shows a case where, since
the mnput data Din into the bit phase adjusting circuit 20 has
come to deviate in phase from the reference clock signal Ci
when the circuit 20 1s outputting the data S21_, a bit change
of the mput data S31, has come a little ahead of the rising
edge (latch time) a of the clock signal Ci. Here, paying
attention to the rising edge a of the clock signal Ci, the data
S31, of the reference data and the data D1 that 1s faster in
phase than this data S31, have the same data Dn, but the data
S31, that 1s slowest 1n phase has a value Dn-1 one cycle
before Dn at the time a. In this case, therefore, since the
output data S33, of the second latch circuit 33, and the
output data S33, of the third latch circuit 33, do not coincide
in logic level (bit value) with each other, the bit change
detecting circuit 30 outputs a DOWN signal. The bit phase
control circuit 40 which has received this DOWN signal
outputs a selection control signal SEL so as to select and
outputs the data S21__, which has been decreased in delay
quantity by one step.
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That 1s to say, up to now, the ring counter 41 shown 1n
FIG. 5 has formed an output which sets Q2 out of its output
terminals as “1”. Thus the SEL2 signal has been “1”. As a
result, the AND gate 25, shown 1n FIG. 2 has become
ciiective and the signal S21_ has been outputted as Di.
However, since a DOWN signal has been outputted, the ring
counter 41 outputs a signal which sets Q1 out of 1its output
terminals as “1”. Thus, since the SEL1 signal becomes “17,
at this time the AND gate 25, 1in FIG. 2 becomes eftective.

By this, the bit phase adjusting circuit 20 comes to output
the data S21 ,_, to the bit change detecting circuit 30 (at a
time tx in FIG. 9). Thereupon, since the data S33, to be
inputted mto the reference tlip-tflop circuit 33, goes faster 1n
phase, the latch time comes to be at a position where the data
1s sufficiently stable.

An example shown 1n FIG. 10 shows a case where, since
the input data Din has come to deviate (go fast) in phase
from the reference clock signal Ci when the circuit 20 1s
outputting the data S21_, a bit change of the mput data S31,
has come a little behind a rising edge of the clock signal Ci.
In this case, since the data S31, of the reference data and the
data D1 that 1s faster 1n phase do not coincide 1n logic level
(bit value) with each other at the latch time, the bit change
detecting circuit 30 outputs an UP signal. The bit phase
control circuit 40 outputs a selection control signal SEL so
as to select the data which has been increased i delay
quantity by one step.

That is to say, the ring counter 41 (see FIG. 5) changes its
output so as to set Q3 as “1”. Thus, since the SEL3 signal
becomes “17, at this time the AND gate 25, shown 1n FIG.
2 becomes elfective.

By this, the bit phase adjusting circuit 20 comes to output
the data S21_ . to the bit change detecting circuit 30 (at a
time tx in FIG. 10). Thereupon, since the data S33, to be
inputted 1nto the reference flip-flop circuit 33, slower 1n
phase, the latch time 1s adjusted so as to come to a position
where the data 1s sufliciently stable.

By the way, as described above, 1n this bit phase syn-
chronizing circuit 10, the respective delay quantities 1n the
delay gates 21, to 21 _, determine a control resolution of the
bit phase synchronizing circuit. The delay quantities are
sometimes deviated from a specified design value due to
some causes, and so the control resolution does not come to
be determined. Thereupon, the present invention controls the
delay gates 21, to 21, _, of the first delay gate group 21 so
that the delay quantities can be kept always constant by
compensating for variation in the delay quantity when the
delay gates vary 1n delay quantity. Since such control can
suppress a phase control resolution to be varied due to, for
example, variation of temperature and the like, the desired
circuit operation can be easily guaranteed. Particularly, 1in a
bit phase synchronizing circuit which handles high-speed
input signals, although a design margin for timing 1s very
small, the design margin can be expanded by reducing
variation 1n the delay quantity of a delay gate caused by
variation of temperature by means of this method. It 1s a
matter of course that variation of delay quantities in the
delay gates 21, to 21, _, caused by variation of the power
source voltage can be also suppressed.

2. Second Embodiment

In the above-mentioned first embodiment, the delay gates
31, to 31, of the second delay gate group 31 provided 1n the
bit change detecting circuit 30 are not limited to a delay
quantity control type. However, 1in case that each of these
delay gates 31, to 31, 1s composed of an ordinary fixed type
delay gate, a problem happens. For example, even if the bat
change detecting circuit 30 has been designed so as to obtain
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an optimal detection sensitivity at room temperature, the
delay quantity of a delay gate may increase due to some rise
of the ambient temperature or the chip temperature in
practical use and the detection sensitivity deteriorates. In the
second embodiment, a technique to counter this problem 1s
disclosed. FIG. 11 1s a drawing for explaining the technique
and shows the composition of a bit change detecting circuit
130 of the second embodiment.

The bit change detecting circuit 130 of the second
embodiment 1s different from the first embodiment 1n that
the delay gates 31, and 31, 1n the bit change detecting circuit
30 explained using FIG. 4 are replaced with the delay gates
21, and 21, of a delay quantity control type explained using
FIG. 3 (represented by 131, and 131, in FIG. 11), and the
control signal VCNT of the delay quantity control circuit S0
1s mputted to the control terminals of the delay gates 131,
and 131, (the gate of the third transistor 21¢ in FIG. 3).

In this manner, since variation of the delay quantities in
the delay gates 131, and 131, in the bit change detecting
circuit caused by variation of the ambient temperature or the
chip temperature can be suppressed for the same reason as
explained 1n the first embodiment, the respective delay
quantities in the delay gates 131, and 131, can be stabilized.
Accordingly, stable operation of the bit change detecting,
circuit 1s secured.

3. Third Embodiment

In the above-mentioned first and second embodiments,
examples were explained which use the delay gates shown
in FIG. 3 as delay gates of a delay quantity control type and
which use a PLL circuit as a delay quantity control circuit.
According to them, the delay quantities 1n the delay gates of
the first delay gate group 21 (see FIG. 2) and the second
delay gate group 31 (see FIG. 4) can be stabilized with high
accuracy. However, 1n case that 1t will do that stabilization
of the delay quantity 1s merely attained to some degree, the
composition of the delay quantity control circuit can be
made simpler. In the third embodiment, an example of this
1s described. This description 1s made with reference to FIG.
12.

In the third embodiment, a delay gate of a delay quantity
control type 60 used in a first delay gate group and/or a
second delay gate group i1s composed of a third inverter 61
and a fourth inverter 63 connected 1n series to the third

inverter 61. The third inverter 61 1s an inverter in which a
P-channel type MOS FET 614, a P-channel type MOS FET

615, an N-channel type MOS FET 61c, and an N-channel
type MOS FET 614 are connected 1n series with one another,
and the gates of the MOS FETs 615 and 61c are used for the
input of the delay gate 60 and a connecting point of the
source and the drain, respectively, of the MOS FETs 615 and
61c 1s used as output of the fourth inverter 63. Describing 1n
detail the third inverter 61, this inverter 61 1s provided with
the third PMOS transistor 61a whose drain i1s connected to
a power source, the first PMOS transistor 615 whose drain
1s connected to the source of the transistor 61a, the first
NMOS transistor 61c whose drain 1s connected to the source
of the transistor 615, and the second NMOS transistor 61d
whose drain 1s connected to the source of the transistor 61c
and whose source 1s grounded. And a common connecting
point of the gate of the first PMOS transistor 615 and the
cgate of the first NMOS transistor 61c 1s used as the signal

input terminal.
The fourth inverter 63 1s an inverter 1n which a P-channel

type MOS FET 63a, a P-channel type MOS FET 63b, an
N-channel type MOS FET 63c, and an N-channel type MOS
FET 63d are connected 1n series with one another, and the

cgates of the MOS FETs 63b and 63c are connected to the
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output of the third inverter. A connecting point of the source
and the drain, respectively, of the MOS FETs 63b and 63c¢

1s used as the output of the delay gate 60. Describing in
detail the fourth inverter 63, this inverter 63 1s provided with
the fourth PMOS transistor 63a whose drain 1s connected to
the power source, the second PMOS ftransistor 63b whose
drain 1S connected to the source of the transistor 63a, the
third NMOS transistor 63c whose drain 1s connected to the

source of the transistor 635, and the fourth NMOS transistor
63d whose drain 1s connected to the source of the transistor

63c and whose source 1s grounded. And a common connect-
ing point of the gate of the second PMOS transistor 635 and
the gate of the third NMOS transistor 63c¢ 1s connected to a
connecting point of the source of the first PMOS transistor
61b and the drain of the first NMOS transistor 61c. And the
gates of the third and fourth PMOS transistor are connected
to each other, and the gates of the second and the fourth
NMOS transistor are connected to each other. And a con-

necting point of the source of the second PMOS transistor
and the drain of the third NMOS transistor 1s used as a signal
output terminal.

In this case, a delay quantity control circuit 70 1s com-
posed of a PMOS side delay quantity control circuit 71 as a
first delay quantity control circuit and an NMOS side delay
quantity control circuit 73 as a second delay quantity control
circuit. The PMOS side delay quantity control circuit 71 1s
composed of a first resistor means 71a having a negative
temperature coefficient and a P-channel type MOS FET (a
fifth PMOS FET) 715 whose drain and gate are connected
with one end of the resistor means 71a and whose source 1s
connected with a power source. The other end of the resistor
means 71a 1s grounded. On the other hand, the NMOS side
delay quanfity control circuit 73 1s composed of a second
resistor means 73a having a negative temperature coellicient
and an N-channel type MOS FET (a fifth NMOS FET) 73b
whose drain and gate are connected with one end of the
resistor means 73a and whose source 1s grounded. The other
end of the resistor means 73a 1s connected to the power
source. The resistor means 71la of the PMOS side delay
quantity control circuit 71 and a node N71 of the P-channel
type MOS FET 71b are connected with the gates of the
P-channel type MOS FETs 614 and 634 1n the delay gate 60.
The second resistor means 73a of the NMOS side delay
quantity control circuit 73 and a node N73 of the N-channel
type MOS FET 73b are connected with the gates of the
N-channel type MOS FETs 61d and 634 1n the delay gate 60.
In these P side and N side delay quantity control circuits 71
and 73, a resistor means having a negative temperature
coellicient acts as a voltage dividing resistor. Therefore, 1n
the PMOS side delay quantity control circuit 71, as the
ambient temperature (or chip temperature) becomes higher,
the potential of the connecting point N71 becomes lower.
And 1n the NMOS side delay quantity control circuit 73, as
the ambient temperature (or chip temperature) becomes
higher, the potential of the connecting point N73 becomes
higher. The voltages of these nodes N71 and N73 can be
utilized as control signals for making constant delay quan-
tities 1n the delay gate 60.

According to the third embodiment, the delay quantity
control circuit can be made more simply than the first and
the second embodiment.

4. Other Embodiments

First, second and third embodiments have been described
above, but the present mnvention 1s not limited to the above-
mentioned embodiments at all, and can be transformed and
modified 1n various and many manners.

In the first and the second embodiments, for example, it
has been explained that the delay gates of the first and the
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second delay gate groups preferably have the same
(including the substantially the same) circuit and layout
coniliguration as those of the delay gates 1n a PLL circuit, but
even 1f the devices used are different 1n size and the like
between both of the former and latter circuits, it 1s thought
that stabilization of the delay quantities can be made to some
degree. Accordingly, within the scope of this purpose, even
when the delay gates of the first and the second delay gate
ogroup do not have necessarily the same circuit and layout
conilguration as those of the delay gates 1n a PLL circuit, it
1s thought that the above-mentioned object of the mnvention
can be attained.

And 1n the first and the second embodiments, examples
have been described where additionally an NMOS FET 21c¢

(See FIG. 3) is connected in series to the NMOS FET 215
side of the first CMOS 1nverter 21x as a delay gate of a delay
quantity control type. However, without using this NMOS
FET 21c¢, a construction also will do in which a control
signal 1s mputted nto the gate of a PMOS FET which 1s
newly provided between the power source and the PMOS
FET 21a of the first CMOS verter 21x. And m the
construction shown 1n FIG. 3, it will do also to mput proper
control signals, respectively, into the gate of the NMOS FET
21c¢ and the gate of a PMOS FET which 1s newly provided
between the PMOS FET 21a and the power source. It 1s
apparent that a delay quantity control circuit 50 modified 1n
such a way will do 1f it 1s changed to a PLL circuit and a ring
oscillator which are adaptive to the circuit system of these
delay gates.

In the third embodiment, an example has been explained
in which the first inverter 61 and the second 1nverter 63 are
provided as the delay gate 60. However, either of the first
inverter 61 and the second 1nverter 63 can be omitted. In that

case, an 1nput IN 1s supplied to the gates of the MOS FETs
63b and 63c.

In the above-mentioned embodiment described with ref-
erence to FIG. 4, the second delay gate group 31 has a
2-stage composition (31, and 31,) and the output data of the
1st-stage delay gate 31, 1s used as the reference data S31,,
and then it 1s judged whether or not the input and the output
data (D1 and S31,) of the 1st-stage delay gate 31, coincide
in logic level with each other, and whether or not the output
data (S31, and S31,) of the 1st-stage and 2nd-stage delay
cgates 31, and 31, coincide 1n logic level with each other.
However, 1t will do also if the second delay gate group 31
has N stages (where N is an integer satisfying N23) and the
output of an appropriate pth-stage delay gate (where p is an
integer satisfying 1=p=N) is used as the reference data, and
a bit change detecting signal 1s generated by increasing more
than the above-mentioned embodiments the number of the
data which are judged about whether or not they coincide
with the reference data.

As will be clearly understood from the above-mentioned
explanation, the bit phase synchronizing method of the
invention controls delay gates so as to keep always constant
their delay quantities by correcting (compensating) for
variation in the delay quantity to restore the delay quantities
to their original values, even 1f the delay gates of the first
delay gate group for performing a phase adjustment of the
input data are varied in their delay quantity. Therefore, the
delay gates of the first delay gate group give, respectively,
proper phase differences to the mput data with good repeat-
ability. Accordingly, this method can guarantee good per-
formance 1n bit phase synchronization. Particularly, consid-
ering that 1in a bit phase synchronizing process for handling
a high-speed input signal, 1n the past the bit phase synchro-
nization could be improved in reliability only if the design
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margin for timing were expanded a little, this invention 1s
most significant.

The bit phase synchronizing circuit of the invention 1s
provided with the first delay gate group composed of delay
cgates of a delay quantity control type for performing a phase
adjustment of mput data and a delay quantity control circuit
for controlling the delay gates. Therefore, even if the delay
quantities of the delay gates of the first delay gate group in
the bit phase synchronizing circuit are varied due to varia-
tion of the ambient temperature and the like, the varied delay
quantities can be corrected. Accordingly, the delay gates of
the first delay gate group give, respectively, proper phase
differences to the input data with good repeatability. Thus, a
bit phase synchronizing circuit according to the invention
can be implemented which can synchronize the mput data 1n
phase with its own reference clock signal more stably than
in the prior art.

What 1s claimed 1s:

1. A method for attaining bit phase synchronization,
comprising the steps of:

generating a control voltage with a control voltage gen-
erating circuit that includes a voltage control oscillator,
said voltage control oscillator receiving said control
voltage,

inputting input data into a first delay gate group composed
of plural delay gates which are connected in series to
one another and which have signal delay quantities,
cach of the delay gates including a transistor and an
inverter connected 1n series with the transistor between
a power source and ground, the transistor having a gate
which receives said control voltage,

selecting either said mput data or delayed data related to
said input data and obtained from one of the delay gates
1n said first delay gate group and outputting the selected
data,

inputting said selected data into a second delay gate group
composed of N delay gates (where N is an integer
satisfying N=2),

generating a bit change detecting signal for showing
whether or not a change in logic level (also called a bit
change) of output data from a pth-stage delay gate of
said second delay gate group has happened within a
specified time before and after a judgement time, by
judging at the same time controlled by a reference
clock signal whether or not output data of the pth-stage
delay gate (where p is an integer satisfying 1 =p=N) of
said second delay gate group and output data of at least
the (p—1)th-stage delay gate (where 1n case of p=1, the
(p—1)th-stage delay gate is considered to be the input
point of the second delay gate group) coincide in logic
level with each other, and whether or not output data of
said pth-stage delay gate and output data of at least the
(p+1)th-stage delay gate coincide in logic level with
ecach other,

synchronizing said input data in phase with said reference
clock signal by changing the selected data that is
currently bemg outputted to another selected data
according to said bit change detecting signal, and
outputting the changed selected data, and

controlling the delay gates of said first delay gate group so
as to compensate for variations in the signal delay
quantities of these delay gates, by varying said control
voltage received by the gates of the transistors within a
predetermined range to thereby vary the current avail-
able to the inverters, the predetermined range being,

[

such that the transistors do not come to be off.
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2. The method as defined 1n claim 1, wherein the delay
gates of said second delay gate group also have signal delay
quantities, and further comprising the step of controlling the
delay gates of said second delay gate group so as to
compensate for variations in the signal delay quanfity of
these delay gates.

3. The method as defined 1n claim 2, wherein the step of
controlling the delay gates of said second delay gate group
comprises feeding the control voltage to the delay gates of
said second delay gate group, and further comprising the
steps of generating the control voltage with a PLL circuit
and that includes a voltage control oscillator, and supplying
the control voltage to the voltage control oscillator.

4. The method as defined 1n claim 1, wherein said control
voltage generating circuit comprises a PLL circuit.

5. A method for attamning bit phase synchronization,
comprising the steps of:

inputting mput data mnto a first delay gate group composed
of plural delay gates which are connected in series to
one another,

selecting either said input data or delayed data related to
said input data and obtained from one of the delay gates
1n said first delay gate group and outputting the selected
data,

generating a control voltage with a control voltage gen-
erating circuit that includes a voltage control oscillator,
said voltage control oscillator receiving said control
voltage;

Inputting said selected data into a second delay gate group
composed of N delay gates (where N is an integer
satisfying N=2) which have signal delay quantities,
cach of the delay gates of said second delay gate group
including a transistor and an inverter connected 1n
serics with the transistor between a power source and
oground, the transistor having a gate which receives said
control voltage,

generating a bit change detecting signal for showing
whether or not a change in logic level (also called a bit
change) of output data from a pth-stage delay gate of
said second delay gate group has happened within a
specified time before and after a judgement time, by
judging at the same time controlled by a reference
clock signal whether or not output data of the pth-stage
delay gate (where p is an integer satisfying 1=p=N) of
said second delay gate group and output data of at least
the (p—1)th-stage delay gate (where in case of p=1, the
(p—1)th-stage delay gate is considered to be the input
point of the second delay gate group) coincide in logic
level with each other, and whether or not output data of
said pth-stage delay gate and output date of at least the

(p+1)th-stage delay gate coincide in logic level with
cach other,

synchronizing said mnput data in phase with said reference
clock signal by changing said selected data that is
currently being outputted to another selected data
according to said bit change detecting signal, and then
outputting the changed selected data, and

controlling the delay gates of said second delay gate
group so to compensate for variations in the signal
delay quantities of these delay gates, by varying said
control voltage received by the gates of the transistors
within a predetermined range to thereby vary the cur-
rent available to the inverters, the predetermined range
being such that the transistors do not come to be off.
6. The method as defined 1n claim §, wherein said control
voltage generating circuit comprises a PLL circuit.
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7. A circuit for attaining bit phase synchronization, com-

prising:

a bit phase adjusting circuit which includes a first delay
gate group that receives input data, the first delay gate
ogroup being composed of plural delay gates of a delay
quantity control type that are connected in series to one
another, each of the delay gates having a transistor and
an 1nverter connected 1n series with the transistor
between a power source and ground, the transistor
having a gate, and which selects either said input data
or delayed data related to said input data and obtained
from one of the delay gates 1n said first delay gate group
and outputs the selected data,

a bit change detecting circuit which includes a second
delay gate group that receives said selected data from
said bit phase adjusting circuit, said second delay gate
group being composed of N delay gates (where N 1s an
integer satisfying N=2), and which outputs a bit
change detecting signal for showing whether or not a
change in logic level (also called a bit change) of output
data from a pth-stage delay gate of said second delay
gate group has happened within a specified time before
and after a judgement time, by judging at the same time
controlled by a reference clock signal whether or not
output data of the pth-stage delay gate (where p is an
integer satisfying 1=p=N) of said second delay gate
group and output data of at least the (p—1)th-stage delay
gate (where in case of p=1, the (p—1)th-stage delay gate
1s considered to be the 1nput point of the second delay
gate group) coincide in logic level with each other, and
whether or not output data of said pth-stage delay gate
and output data of at least the (p+1)th-stage delay gate
coincide 1n logic level with each other,

a changeover signal generating circuit for supplying to
said bit phase adjusting circuit a changeover signal for
changing the selected data that i1s currently being out-
putted to another selected data according to said bat
change detecting signal, and

a first delay quanfity control circuit for generating a
control voltage that 1s supplied to the gates of the
transistors of the delay gates in said first delay gate
group to compensate for variations 1n the delay quan-
tities of the delay gates of the first delay gate group by
varying the current available to the inverters, the con-
trol voltage being 1n a range such that the transistors do
not come to be off, said first delay quanfity control
circuit including a voltage control oscillator, said volt-
age control oscillator receiving said control voltage.

8. The circuit as defined 1n claim 7, wherein said first

delay quantity control circuit comprises a PLL circuit and
said voltage control oscillator comprises a ring oscillator.

9. The circuit as defined 1n claim 8, wherein said ring

oscillator comprises delay gates, and wherein said delay
cgates of said first delay gate group have the same circuit and
layout configuration as the delay gates of said voltage
control oscillator.

10. The circuit as defined 1n claim 7, wherein:

cach delay gate of said first delay gate group comprises
first and a second inverters which are connected

between a power source and the ground,

said first inverter comprises a first PMOS transistor whose
collector 1s connected to said power source, a {first
NMOS ftransistor whose dramn 1s connected to the
source of said first PMOS transistor, and said transistor
with a gate, said transistor with a gate being a second
NMOS transistor whose drain 1s connected to the
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source of said first NMOS transistor and whose sources
1s connected to said ground, a common connecting
point of the gate of said first PMOS transistor and the
gate of said first NMOS transistor serving as a signal
input terminal, and

said second 1mverter comprises a second PMOS transistor
whose drain 1s connected to said power source and a
third NMOS transistor whose drain 1s connected to the
source of said second PMOS ftransistor and whose
source 1s connected to said ground, a common con-
necting point of the gate of said second PMOS ftran-
sistor and the gate of said third NMOS transistor being
connected with a common connecting point of the
source of said first PMOS transistor and the source of
said first NMOS transistor, a connecting point of the
source of said second PMOS transistor and the drain of
said third NMOS transistor serving as a signal output
terminal.

11. The circuit as defined 1n claim 7, wherein each of the
delay gates of said first delay gate group 1s a voltage control
type delay gate whose delay quantity 1s controlled by the
control voltage supplied to said transistor, and said first
delay quanfity control means comprises a resistor means
having a negative temperature coeflicient, the resistor means
serving as a voltage dividing resistor, and outputs as said
control voltage a voltage varying according to temperature.

12. The circuit as defined 1n claim 7, wherein:

cach delay gate of said first delay gate group comprises
first and second 1nverters which are connected between
a power source and the ground,

said first inverter comprises a first PMOS transistor whose
drain 1s connected to said power source, a second
PMOS transistor whose drain 1s connected to the source
of said first PMOS transistor, a first NMOS transistor
whose drain 1s connected to the source of said second
PMOS transistor, and said transistor with a gate, said
transistor with a gate being a second NMOS transistor
whose drain 1s connected to the source of said first
NMOS transistor and whose source 1s connected to said
oground, a common connecting point of the gate of said
seccond PMOS transistor and the gate of said first
NMOS transistor serving as a signal input terminal,

said second inverter comprises a third PMOS transistor
whose drain 1s connected to said power source, a fourth
PMOS transistor whose drain 1s connected to the source
of said third PMOS transistor, a third NMOS transistor

whose drain 1s connected to the source of said fourth
PMOS transistor, and a fourth NMOS transistor whose
drain 1s connected to the source of said third NMOS
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transistor and whose source 1s connected to said
oground, a common connecting point of the gate of said
fourth PMOS transistor and the gate of said third
NMOS transistor being connected with a connecting
point of the source of said second PMOS transistor and
the source of said first NMOS transistor, and a con-
necting point of the source of said fourth PMOS
transistor and the drain of said third NMOS transistor

serving as a signal output terminal,

said first delay quantity control circuit comprises a fifth
NMOS transistor whose source 1s connected to ground
and a first resistor means having a negative temperature
coellicient which 1s connected between the drain of said
fifth NMOS ftransistor and said power source, the gate
and the drain of said fifth PMOS transistor being
connected with a common connecting point of the gates
of said second and fourth NMOS transistors, and

said circuit for attaining bit phase synchronization further
comprises a second delay quantity control circuit for
compensating for variations in the delay quantities of
the delay gates 1n the first delay gate group, the second
delay quantity control circuit including a fifth PMOS
transistor whose drain 1s connected to said power
source and a second resistor means having a negative
temperature coeflicient which 1s connected between the
source of said fifth PMOS transistor and ground, the
gate and the source of said fifth PMOS transistor being
connected with a common connecting point of the gates
of said first and third PMOS transistors.

13. The circuit as defined 1n claim 7, wherein the delay
cgates of said second delay gate group are delay gates of a
delay quantity control type, which receive said control
voltage so as to compensate for variations in the delay
quantity of the delay gates of the second delay gate group.

14. The circuit as defined 1n claim 13, wherein said first
delay quantity control circuit comprises a PLL circuit which
has a voltage control oscillator composed of a ring oscillator,
said voltage control oscillator recerving said control voltage.

15. The circuit as defined in claim 14, wheremn said
voltage control oscillator comprises delay gates, and
wherein the delay gates of said second delay gate group have
the same circuit and layout configuration as the delay gates
of said voltage control oscillator.

16. The circuit as defined 1n claim 13, wherein said first
delay quanftity control circuit comprises a resistor means
having a negative temperature coeflicient, the resistor means
serving as a voltage dividing resistor, and outputs as said
control voltage a voltage according to temperature.




	Front Page
	Drawings
	Specification
	Claims

